Type-2 diabetes mellitus (T2DM) has major micro-and macro-vascular complications. 1 Though macro-vascular complications like heart attacks and strokes are wellrecognised, appropriate considerations are now being given to nephropathy, neuropathy and retinopathy. 2 However, due to societal norms about hypogonadism, these remain less clinically focused. 3, 4 Pathology of male hypogonadism remains multifactorial starting from ageing, anatomical disorders, genetic diseases, injury, infections, certain tumors, medications, and other disorders. 5 In T2DM, the hypogonadism is probably resulting from hypogonadotropic hypogonadism as pathology is hypothalamic-pituitary-axis. However, studies have identified certain controversies in terms of hormonal disturbances in T2DM. Dandona et al. did not observe a link between low testosterone, HbA1c and diabetes duration. 6 Similarly, HbA1c was not found to be higher in T2DM with erectile dysfunction (ED) in a Turkish study. 7 Lu et al. have demonstrated that HbA1c was significantly related with ED in T2DM patients. 8 Moreover, further contrasting data about hormonal profiles, diabetes markers and erectile dysfunction is found in literature. 9,10 Hypogonadism within different societies are rarely discussed, poorly evaluated by physicians and results in ABSTRACT Objective: To evaluate reproductive hormonal profile among three groups with varying sexual performance satisfaction (erectile dysfunction) with or without type-2 diabetes (T2DM). Study Design: Comparative cross-sectional analysis. Place and Duration of Study: Department of Pathology, PNS Hafeez Hospital, Islamabad, from January to December, 2018. Methodology: One hundred and twenty-one subjects including T2DM and age-matched controls were segregated into three groups based upon their sexual performance satisfaction. These groups were evaluated by one-way ANOVA for various anthropometric, glycemic indices and reproductive hormones and free androgen indices (FAI). A general linear model (GLM) was utilised using HbA1c and FAI as dependent variable with sexual performance satisfaction as fixed and quantitative CRP and urinary albumin creatinine ratio (UACR) as random variables to evaluate diabetes complication and inflammation on sexual performance. Results: Comparison between three groups suggested a rising trend for FAI as: FAI: {Non-satisfied (n=43):41.78 (95%CI:36.67-46.90)}, {Just satisfied (n=38):48.81(95%CI: 42.96-54.66)}, {Satisfied (n=40):51.86 (95%CI:45.27-58.44)}, [p=0.041]
INTRODUCTION
large gaps in care provision. It is also important to consider the underlying hormonal changes, which can confirm hypogonadism and thus allows a tangible way to monitor testosterone replacement therapy. 11 Literature highlights the need for better laboratory markers for patients with testosterone deficiency. 12 The objective of this study was to evaluate reproductive hormonal profile among three groups with varying degree of sexual performance satisfaction for erectile dysfunction with or without type-2 diabetes (T2DM). The secondary objective was to determine the association of inflammation, nephropathy, and glycation in different ED groups.
METHODOLOGY
This comparative cross-sectional study was conducted from January to December 2018 at the Pathology Department, PNS Hafeez Hospital, Islamabad, after approval from the Hospital's Ethical Review Committee. The target population included male subjects who had known diabetes for at least six months with age between 35 to 70 years. Subjects who had known history of hypertension, ischemic heart disease, or had any chronic or acute disease process like patients with type-1 diabetes, autoimmune disorder, cancer, recent medical or surgical emergency, or having some acute infections were excluded from the study on initial interview. Agematched male controls living a healthy life with no known disease were also included.
After a formal interview explaining the nature, requirements, and study consequences, subjects were requested to visit laboratory in exact medical fasting status. Sampling was carried out on the basis of nonprobability convenience methods. All included subjects were interviewed as per written questionnaire, followed by examination for blood pressure, any stigma of chronic disease, anthropometric measures by two medical specialists including one endocrinologist along with other medical officer. Both controls and diabetic subjects were evaluated in a similar manner.
Ten ml of blood was collected in gel vacutainer without preservatives, Na-Flouride and EDTA bottle for measurement of fasting plasma glucose, male reproductive hormones, quantitative CRP (qCRP), HbA1c. Urinary albumin creatinine ratio (UACR) was also calculated from spot urine. During further workup, few samples were lost due to hemolysis, sample quantity insufficiency and lipaemia for some parameters where patients did not re-visit for follow-up repeat testing concluding with a sample size of 121 subjects. Thus missing values for few parameters could not be included in the analysis.
Glycated hemoglobin (HbA1c), male sex hormones including luteinizing hormone (LH), follicle stimulating hormone (FSH), total testosterone, sex hormone binding globulin (SHBG) and prolactin were analysed by chemiluminescent microparticle immunoassay (CMIA) on Architect iSystem. Abbot diagnostics fasting plasma glucose was analysed on Selctra-ProM (Random access clinical chemistry analyser) for measuring glucose by using GPO-PAP method. qCRP and UACR were measured by using Merck kits on Selectra-ProM.
Erectile dysfunction was assessed based upon a questionnaire where after explaining about sexual performance satisfaction, the study participants were asked to select one option as: Not satisfied, satisfied, or completely satisfied. Free androgen index, as a marker for bioavailable testosterone, was calculated by formula suggested by Wilke et al. as: Total testosterone/SHBG x 100. 13 Underlying inflammation was assessed by qCRP as normal if levels of qCRP were <5 mg/L or raised if levels were >5 mg/L. Nephropathy was evaluated by utilising urinary albumin creatinine ratio (UACR) and levels <2.5 mg/mmol were considered normal while levels >2.5 mg/mmol as predictive of nephropathy.
Data collected on Excel 2013 was moved to SPSSversion 16. Erectile dysfunction was evaluated using groups made as per patient described sexual performance satisfaction for age, anthropometric measures, biochemical and hormonal parameters by utilising oneway ANOVA followed by post-hoc Tukey's comparison.
Following that general linear model (GLM) were utilised to see the impact of inflammation and nephropathy using HbA1c and FAI as dependent variable with sexual performance satisfaction as fixed and qCRP and UACR as random variables. A p-value of <0.05 was considered as significant.
RESULTS
Mean age of the subjects was 48.94 +6.85 years. Overall, 36.7% (n=43), 29.4% (n=38) and 33.8% (n=40) showed complete erectile dysfunction, just satisfied, and completely satisfied based upon their interview-based sexual performance satisfaction evaluation regardless of presence or absence of type-2 diabetes mellitus. In terms of inflammation, 31.43% patients with T2DM had raised qCRP in comparison to 24.56% of age-matched controls, p=0.257. Nephropathy as measured by UACR was found in 10/56 age-matched controls in comparison to 38/69 patients with T2DM (p<0.001). Differences between groups formulated based upon interview-based sexual performance satisfaction for age, anthropometric measures, and certain hormonal parameters were assessed between the groups and shown in Table I . Figure 1 highlights that for any particular degree of erectile dysfunction reported, glycated hemoglobin demonstrated a higher trend from subject with less sexual satisfaction to individuals who were sexually satisfied with their performance. Moreover, inflammation as measured by qCRP always followed a rise with rising HbA1c levels, identifying inflammation as more related with worsening diabetes than with sexual performance satisfaction.
FAI was evaluated among the three erectile dysfunction groups as demonstrated in Figure 2 . FAI levels were higher among subjects who showed no erectile dysfunction than subjects with lesser or least satisfied groups. FAI levels tend to decline among all erectile dysfunction groups once inflammation marker (qCRP) was high. Similarly, UACR demonstrated a similar worsening pattern where the levels were higher among all erectile dysfunction groups as shown in Figure 3 .
DISCUSSION
This cross-sectional study showed that glycation index, i.e. HbA1c levels, was higher among subjects with poor sexual performance satisfaction group in comparison to subjects who gave history of optimal sexual performance satisfaction. This finding identifies an association between glycemia and hypogonadism. Moreover, all these sexual performance satisfaction-based groups were found to have higher inflammation along HbA1c levels. This observation along with association of FAI and sexual performance satisfaction (ED groups) also indicated that inflammation levels rise from satisfied subjects to patient with complete erectile dysfunction. Moreover, subjects within the three ED groups demonstrated increasing nephropathy as evaluated by UACR along with FAI. These results suggest that subjects' risk of androgen deficiency and ED were more associated with raised HbA1c, inflammation, and nephropathy. This finding was prevalent among both controls and diabetic subjects with slightly higher frequency in subjects with poor glycemic controls as depicted by higher HbA1c levels.
Generally, literature suggests a pattern suggesting hypogonadotropic hypogonadism in male subjects with T2DM as what appeared in our findings. 14 However, the literature review also highlights some contrasting data on the patterns of about repoductive hormones in T2DM patients with hypogonadism. Elsaied et al. have not found any direct link between testosterone levels and ED, but were able to show an association of testosterone with insulin resistance markers. 15 Similarly, a Chinese study did not demonstrate an association between testosterone and T2DM, but showed low SHBG to be associated with T2DM risk. 16 Brand JS et al. in their reviewed data on metabolic syndrome and reproductive hormones could only found testosterone deficiency in the metabolic syndrome but only after adjustment of multiple factors including BMI, serum triglycerides, and hyperglycemia. 17 In contrast to the above, Gyawali et al. identified low total testosterone but not SHBG in patients with T2DM in an off-shoot study from 'The men androgen inflammation lifestyle and stress study' (MAILES). 18 These studies highlight a lot of contrasting evidence in literature and possible explanation linking the effects of glucotoxicity associated with T2DM and male reproductive hormones. Firstly, the authors believe that hormonal differences between multiple studies may be related to recently identified multiple molecular differences within the term T2DM as not all patients with T2DM have been shown to present study with same micro-and macro-vessel complications or a need arises to segregate the broader label of T2DM into subtypes as highlighted in few studies. 19 Erectile dysfunction and T2DM are disease categories where a lot many confounders can act as contributors as highlighted in the study by Brand JS et al., so the differences between the researches could be attributed to related factors like obesity. 17 Furthermore, total testosterone, and even free testosterone in isolation, may not show complete evidence about ED, and therefore, the combined factorial aspects of SHBG with testosterone may be considered for utilisation. The authors' interpretation is that both subjects and controls once having associated inflammation or complications of diabetes like higher glycation or nephropathy are more associated with less sexual performance satisfaction, so studies dealing only with newly diagnosed cases of diabetes may not have yet progressed to the stage of micro-vascular complications of T2DM. So, this could be one more factor in the differences in data as highlighted above. Though question have been raised about the FAI utility in males, Guay et al. have considered the variance to increase while using calculated methods to assess androgen levels. 20 However, keeping in view the data contrast from aforementioned shared studies on SHBG and testosterone, we feel there combined use may be more fruitful in assessing hypogonadism as suggested by some researchers. 21, 22 Proof of evidence for our findings can be viewed from trials using testosterone replacement therapy (TRT), where few researchers apart from highlighting cardiovascular concerns have shown benefits of managing deficiency. 23 However, data on TRT currently favours the use of TRT with both beneficial effects in terms of survival benefits in T2DM along with improvement in erectile dysfunction and testosterone levels. 24, 25 Certain limitations to our study need to be acknowledged. Firstly, this was a comparative cross-sectional study as what we could do within our hospital setting within the available resource, which may suffer the possibility of type-2 statistical error. Secondly, being an observational study, the study has been able to highlight a trend of male patients suffering from hypogonadism within T2DM group and otherwise; so two epidemiological/ RCTs must follow to evaluate the link between male hypogonadism and reproductive hormones to establish cut-offs for FAI and other parameters. Thirdly, there should be a multivariate analysis to analyse the effect size of confounders in contributing towards both biochemical and clinical hypogonadism.
Though the article has some limitations as highlighted above, T2DM-associated complication evaluation should routinely include an assessment of hypogonadism in males, especially in our set-ups. Secondly, the research was able to highlight patient's defined sexual satisfaction is associated with possibility of not only hypogonadism, but also these subjects suffer from higher degree of inflammation, nephropathy and hemoglobin glycation. Thus, male hypogonadism must be viewed with regards to both reproductive function, but also its probable association with cardiovascular and renal risks due to inflammation, nephropathy and higher rates of glycation. 3 
CONCLUSION
Sexual performance satisfaction and FAI declines with rise in glycated hemoglobin. Moreover, the subjects having underlying complications like nephropathy or higher inflammation were found to have lower FAI and increased frequency of ED both in controls and T2DM.
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